Abstract: Precision orchard management is an important avenue of investigation in agricultural technology and is an urgently needed part of information development in the fruit industry. Precision management based on a precision agricultural technology system involves many factors and results in users being unable to make accurate judgments. To improve user decision-making accuracy and the level of precision management, we used user preferences to achieve the recommendation function. In this paper, a ranking method based on fuzzy preference relations for user recommendation is proposed. We selected the Nature Reserve of Dangshan Pear Germplasm Resources as the research location and invited experts and representatives of different roles (government, farmers, and tourists) to give the fuzzy preference relation coefficients. Then, an optimization model was proposed based on the fuzzy preference relation. We solved the proposed model by constructing a Lagrangian function, and obtained the ranking values of the user preference recommendation function. Finally, we ranked the order of the given roles and implemented the fuzzy preference recommendation. The experimental results show that the proposed method is effective and can be conveniently applied to other problems related to user preference relations.
Introduction
With the massive changes brought about in the information era, China has been deeply affected. A series of successive information technologies have been applied to agriculture, resulting in the development of technologies such as precision agriculture, orchard informatization, digital orchard management, and precision orchard management. Precision orchard management is not only an important part of orchard management, but also the main research direction of precision agriculture. Because China has a large fruit industry, there is a need to apply precision orchard management technology to deal with the huge production in a better way.
Precision agriculture is a modern agricultural operation technology system that comprises a set of technologies that combines sensors, information systems, enhanced machinery, and informed management to optimize production by accounting for variability and uncertainties within agricultural systems [1] . The goal of precision agriculture is to manage the inputs on site to get the maximum production [2] . At present, precision agriculture technology has been studied in China and other countries at multiple levels with multiple perspectives. Related technologies can provide a technical reference for the accurate management of orchards [3] . However, fruit trees and orchards have their own characteristics, especially in the Nature Reserve of Dangshan Pear Germplasm Resources.
The Nature Reserve of Dangshan Pear Germplasm Resources is located in Dangshan County, Anhui Province, China. It includes 17 villages in Dangshan County. The protected features include not only more than 10 Dangshan Crisp Pear germplasm resources, more than 40,000 pear trees of over 100 years old, but also the Yellow River wetland and its ecological system. The general situation of the Nature Reserve of Dangshan Pear Germplasm Resources is shown in Figure 1 . Therefore, the management of this nature reserve is different from general nature reserves which are strictly protected, and it is an open protection area for the protection of Crop Germplasm resources. There is not only the government managing the reserve, but also local farmers producing fruit trees, as well as tourists visiting the nature reserve. Therefore, different types of people have different objects of concern in protected areas. By investigating the preferences of different groups of people, the main features in the reserve are sorted according to preference, which will give different groups a better experience of the reserve. To improve the accuracy of user decision making and the level of precision management, we applied a ranking method for user recommendation based on fuzzy preference relations. Fuzzy set theory was proposed in 1965 by Zadeh, and many scholars have since used it to solve decision making problems [4] . These problems include supplier selection [5] , investment load evaluation [6] , ordinal peer assessment [7] , 0-1 mixed programming [8] , RFID technology selection [9] , etc. Fuzzy set theory is used to manage the uncertainty in decision making and optimization problems, as ranking of fuzzy numbers is the most important part of decision process in these problems [10] . Since then, several types of fuzzy sets have been proposed such as intuitionistic fuzzy sets, interval-valued fuzzy sets, interval-valued intuitionistic fuzzy sets, hesitant fuzzy sets, type-2 fuzzy sets, and fuzzy multisets. These types have been used in scientific and real life problems.
In most cases, it is very difficult for a human to make a choice if it depends on some numerical factors. Therefore, decision making is very important in real life. Group decision making is a process to get the optimal solution from a set of solutions under certain criteria and the solutions are evaluated by multiple decision makers under that criteria. The decision makers can give their suggestions in the form of preference of solutions and also provide the comparison between one solution and another solution, this kind of comparison is called preference relation. Preference relation is a great tool to model decision making problems and is used to represent decision making problems [11] . Different kinds of preference relations have been proposed, for example multiplicative fuzzy preference relations [12] , incomplete fuzzy preference relations [13] , interval fuzzy preference relations [14] , intuitionistic fuzzy preference relations, and hesitant fuzzy preference relations [15, 16] . Many researchers have applied different fuzzy preference relationship methods to solve decision making problems [8, 9] . These methods include the multiplicative preference relationship [17] , the triangular multiplicative fuzzy preference relationship [18] , and multiplicative consistent fuzzy preference relations [19] . As a result of a lack of knowledge, a shortage of time, and an unavailability of data resources decision makers often provide their preferences in the form of numerical values. To handle such situations, we proposed and solved the fuzzy preference relations. The fuzzy preference relation model refers to choosing the best solution from the feasible solution set X = (x 1 , x 2 , . . . , x n ) where n ≥ 2. The key problem in fuzzy set theory is how to rank the fuzzy numbers. The ranking method for fuzzy numbers was first presented by Jain in 1976 [20] . Yao and Wu introduced a ranking method for fuzzy numbers based on the decomposition principle [21] . Later Gu and Xuan proposed a ranking method for generalized L-R fuzzy numbers based on possibility theory [22] .
From the above studies, researchers have applied fuzzy set theory or preference relation theory to the evaluation of decision-making problems. On the basis of the preference relationship of the decision analysis process, the basic method is to get its priority by integrating the preference information of the alternative properties. In the decision-making process, the preference value in the preference relationship must satisfy the logical form of thinking. However, traditional multi-criteria decision-making methods are generally only applicable to the small number of decision-makers, how to use this decision-making method to deal with the public participation in public project decision-making issues, and the existing results have relatively little research in this field. Some scholars adopt the method of clustering the public group first and then evaluating it, which is a more reasonable and feasible way to deal with the problem of public group in the known method. The order of preference items of different groups to be solved in this paper is also related to the public group, but it has definite group classification. Therefore, this study does not need to conduct pre-decision-making clustering work, as long as the different user groups examine the preference information, the fuzzy preference relationship ranking model for decision making can be built.
In this paper, the Nature Reserve of Dangshan Pear Germplasm Resources was selected as the research location, and experts and representatives of different roles (government, farmers, and tourists) were invited to give the fuzzy preference relation coefficients. Then, the fuzzy preference relations model was proposed and solved using the Lagrange function to obtain the ranking values of the user preference recommendation function. Finally, the results of sorting were applied to the precision management of the Nature Reserve of Dangshan Pear Germplasm Resources.
The paper is organized as follows. In Section 1, previous work is presented. Section 2 discusses the ranking method based on fuzzy preference relations for user recommendation. Section 3 contains the requirements analyses, data collection, experiments results and analyses. Section 4 concludes the paper and gives the future prospects.
Ranking Model for Alternatives Based on Fuzzy Preference Relations
The human decision making process is a process of the interpretation of people's evaluation and selection of things. The priority of the items to be sorted is difficult to distinguish with distinct boundaries. Fuzzy logic can be well used to reflect the thinking process of people analyzing and dealing with things. Therefore, in the process of decision analysis, the fuzzy preference information of decision-makers often needs to be considered. The preference information of decision makers for attributes or alternatives is generally expressed as a preference relation matrix. Because the ranking of the main features in the reserve is a complex decision-making problem, it is often difficult for different groups to give the ranking results of the main features in the reserve directly. However, it is easy for users to compare the priority of two items, so the preference relation matrix is suitable for describing the preference information of different groups to the main features in the reserve.
The approach for the user recommendation projects in the reserve is to select the optimal solution from a limited set of project-sorting solutions, such as X = (x 1 , x 2 , . . . , x n ) (n ≥ 2). In the process of project sorting, the decision information used in the model is a kind of fuzzy preference relation that users provide about the sorting scheme. On the basis of the fuzzy preference relation and the requirements of reserve management, the preference ranking model of different user groups to the main features in the reserve was established. Users provided some information which is a type of fuzzy preference relations. We used a fuzzy relation matrix P to represent the fuzzy preference relations, where P ⊂ X × X. The corresponding membership function is µ p : X × X − → [0, 1] where µ p (X i , X j ) = P ij , which indicates that the item x is superior to the preference degree of the item y. is a decimal between 0 and 1. Matrix P = [P ij ] n×n is complementary matrix, that is to say ∀i, j,
On the basis of the above-mentioned fuzzy preference relations, we propose a ranking model for user recommendation projects.
Suppose that the ranking result of the user recommendation project X is D, where
In order to obtain the value of D, the following approximate relational expression is expected:
It can be seen that the larger the value of d i , the larger the value of P ij . Therefore, the following optimization model with constraints based on the relationship between P ij and d i is proposed.
In order to analyze conveniently, the above model can be transformed to the following ones:
Model Input:
Contents of model:
We established a Lagrangian function to solve the proposed optimization model. The solution process is shown below. The flowchart of the model is shown in Figure 2 , and the solution process is given below. Set the Lagrangian function to be L.
From Equation (5), we can find the value of the approximate optimal solution D. Model output is vector D (the ranking vector of recommended projects):
Through the above analysis, programming languages can be used to solve the proposed model. We applied MATLAB to perform experiments and solved the proposed models.
Requirements Analyses and Data Collection
To test the model, we selected the "Dangshan Pear Germplasm Resources Nature Reserve" as the research location. By going through relevant documents and with government assistance, we launched a survey of the local ecological environment, geography, and living status to determine the main user preference recommendations. Then, we consulted the relevant experts and representatives of the different roles (government, farmers, and tourists) and collected their preferences using questionnaires. Finally, we used the collected data for the project sorting experiment.
Design of the Survey Table
We referred to China's official documents on agriculture, with a special focus on forestry. These documents include the relevant regulations on the Measures for the Administration of the Protection of Old and Famous Trees in Cities, which was formulated and promulgated on 1 September 2000, by the Ministry of Construction of the People's Republic of China. The ordinance clearly stated that "old trees" refers to trees that are over a hundred years old. "Famous trees" refers to rare plants both in China and abroad, as well as trees with historical significance, memorial significance, or important scientific research value. On the basis of the implementation of protection and management of forest trees, the living conditions of residents, and tourists' sightseeing requirements, we selected three different roles: government regulation, farmers, and tourists. From these different roles, we determined different user preferences. Finally, we divided the recommended projects into seven categories: Dangshan pear germplasm resources; native variety and new variety resources of Dangshan pear; other fruit species resources; woodland; water; animal protection area; industrial and mining enterprises. Table 1 describes the mentioned categories.
Statistical Analysis
For each role category (government, farmers, and tourists), we invited five experts or users to determine the fuzzy priority relationship coefficient through the implementation of a questionnaire.
Government Regulatory Role Survey Data
Firstly, we investigated the role of government regulation. We invited experts on ancient and famous trees and local environmental protection agencies to conduct a survey. The survey data are shown in Table 2 , where names of the five experts are replaced with A, B, C, D, and E, and the priority of projects p 1 to p 2 is denoted by "p 1 vs. p 2 "; moreover, (p 2 vs. p 1 ) = 1− (p 1 vs. p 2 ). Other fruit resources Strawberry, grape, sugar cane, plum, etc.
Woodland
Main tree species Distribution, scale and growth condition.
Forest ecosystem
The main tree species, the auxiliary tree species, the other plant species in the woodland, the growth situation, and the degree of harmony.
Growth condition
The growth of fruit tree wind forest, farmland windproof forest, village forest, road tree, special timber forest, etc.
Protection condition
The protection and growth of the key trees and ancient trees.
Damage condition Deforestation, renewal, destruction and pollution.
Water Environmental effects
The area of water, the amount of water, the pollution factor, the degree of pollution, the occupation, the species of animals and plants in the water, etc.
Animal protection area
Birds Quantity, species, migration, and influence on other resources in the protected area.
Other species of animals Amphibians, aquatic animals (fish), zooplankton, etc.
Industrial and mining enterprises
Nature reserve area occupied by enterprises
The name, scale, product and impact on protected area resources.
Pollution
The emission of pollutants and pollution, the impact on the resources of the protected area, and the protection measures.
Public infrastructure
Other projects (such as road repair, river control, large residential construction) have no EIA reports, pollution level and control. The evaluation data for the five experts was processed using the weighted average method. The final survey results are shown in Table 3 .
The results in Table 3 form the fuzzy preference relation matrix. This matrix is the input of the ranking model for restoration and reconstruction projects. We applied Formula (5) to obtain the ranking results. These ranking results are shown in Table 4 .
From the ranking results in Table 4 , it can be seen that Dangshan pear germplasm resources is ranked first, and animal protection area is ranked second. The ranking results reflect that government regulation mainly focuses on ancient rosewood, animal protection zones, and the ecological environment. 
Farmers' Role Survey Data
During the second stage of the survey, we investigated the farmers and local residents in the Nature Reserve of Dangshan Pear Germplasm Resources by inviting them to carry out a questionnaire; the survey data are shown in Table 5 , where names of the five experts are replaced with A, B, C, D, and E, and the priority of projects p 1 to p 2 is denoted by "p 1 vs. p 2 "; moreover, (p 2 vs. p 1 ) = 1− (p 1 vs. p 2 ). The evaluation data for the five experts was processed by the weighted average method. By using Formula (5), we obtained the sorting results. The final survey results are shown in Table 6 . The results in Table 6 form the fuzzy preference relation matrix. This matrix is the input of the ranking model for restoration and reconstruction projects. The ranking results are shown in Table 7 . From Table 7 , it can be seen that the Dangshan pear germplasm resources project is ranked first, and Dangshan local pear varieties and new varieties is ranked second. The ranking results reflect the local residents being more concerned about the output of fruit trees and the introduction of new local varieties.
Tourist Role Survey Data
At the end of the survey process, we invited visitors who came to visit the Nature Reserve of Dangshan Pear Germplasm Resources to carry out a questionnaire survey. The survey data are shown in Table 8 , where names of the five experts are replaced with A, B, C, D, and E, and the priority of projects p 1 to p 2 is denoted by "p 1 vs. p 2 "; moreover, (p 2 vs. p 1 ) = 1− (p 1 vs. p 2 ). The evaluation data for the five experts was processed by the weighted average method. The final survey results are shown in Table 9 . The results in Table 9 form the fuzzy preference relation matrix. This matrix is the input of the ranking model for restoration and reconstruction projects. We obtained the ranking results. These ranking results are shown in Table 10 . From the ranking results in Table 10 , it is seen that Dangshan pear germplasm resources is ranked first, and animal protection area is ranked second. The results of the rankings show that tourists are most concerned about scenic spots with higher ornamental value in the protected areas. Visitors can use the user preference ordering function to choose scenic spots for themselves. Therefore, in the future, we can recommend scenic spots to tourists according to the sorting results.
Result Analysis and Discussion
The Nature Reserve of Dangshan Pear Germplasm Resources is an open area sustained for the protection of pear Germplasm resources, over 100 year old pear trees, biodiversity, and the wetland ecosystem. It is not only the government who manages the reserve, but also local farmers who produce fruit trees, as well as tourists who visit the nature reserve. The questionnaire data were collected by classification according to the three roles of government regulation, farmers, and tourists. The data were processed to get the fuzzy preference relationship coefficients of the different roles, and finally, the ranking value of the recommended items for various user preferences was obtained. We selected the first three preference features from the above experimental results and compared them with each other. The first three preferences for each role are shown in Table 11 . The top three items that the government are most concerned about are the Dangshan Pear Resources, the protected animal area, and the industrial and mining enterprises. Because the main protection features of this reserve are the Dangshan pear germplasm resources, the over 100 year old pear resources, the biodiversity, and the wetland ecosystem represented by the Dangshan crisp pear. Therefore, the government is most concerned about Dangshan Pear Resources because they are the most important features of this nature reserve and also the most important protected features. The "protected animal area" is ranked second because biodiversity and the wetland ecosystem of the old Yellow River are also the core protected features of this nature reserve. "Industrial and mining enterprises" are ranked third because they have the biggest environmental impact on the protected areas and need to be closely monitored.
The top three items that farmers are most concerned about are the Dangshan Pear Resources, the native variety and new variety resources of Dangshan pear, and other fruit species resources. Farmers in the reserve are mainly local farmers from the 17 villages under the jurisdiction of the reserve. They carry out daily production activities with fruit trees in the reserve. Therefore, farmers firstly care about the Dangshan Pear Resources, because it contains Dangshan pear's precious varieties and brand effect. It is also the pride of the local farmers. The native variety and new variety resources of Dangshan pear ranks second because fruit trees planted by farmers are mostly of the native variety and new variety resources of Dangshan pear, which is directly related to local farmers' income. Other fruit species resources are ranked third because they are also the target of local farmers' agricultural production, such as Dangshan yellow peach, although not comparable to Dangshan pear, but also directly related to the income of local farmers.
The top three items that tourists are most concerned about are the Dangshan Pear Resources, the protected animal area, and the woodland. Because tourists are mainly attracted to the special resources and scenery in the nature reserve. Therefore, tourists firstly care about the Dangshan Pear Resources, because they contain tens of thousands of ancient Dangshan pear trees, which is the most attractive feature for tourists visiting this nature reserve. The protected animal area ranks second because tourists are generally interested in wildlife, especially teenagers and their parents, who may be more interested in wild swans than centuries-old Dangshan pear trees. The woodland ranks third because it is not only an escape to the noisy city, but the fresh air and scenery of the forest also greatly attract them.
To sum up, it can be seen that the ranking model in this paper combined with the survey data, which gives the project ranking results, are in line with the preferences of the users of different roles. Therefore, the results are of practical value.
Conclusions and Future Prospects
With the advancements in the information era, China's agricultural information technology has been continuously improving. To achieve the goal of applying better information technology to agricultural management, we need to develop better models to improve the management systems. In order to improve the information level of agricultural management, a ranking method based on fuzzy preference relations for user recommendation was proposed. We selected the Nature Reserve of Dangshan Pear Germplasm Resources as the research location and invited experts and representatives of different roles (government, farmers, and tourists) to give the fuzzy preference relationship coefficients of the user preference recommendation function. Then, an optimization model was proposed based on the fuzzy preference relations. The model was solved by constructing a Lagrangian function, and the ranking values of the user preference recommendation function were obtained. Finally, we ranked the order of the given roles and implemented the fuzzy preference recommendation. The experiments show that this proposed method is easy to implement, consistent, and effective. The experimental results are effective and in line with the actual situation.
In the future, we will expand the survey respondents, collect a wider range of data, and conduct further experiments to get more realistic survey results. We will aim to expand the optimization model to adapt it to other forms of preference relations, for example, those of conditional probability or interval number. We will also compare this method with other existing ranking methods. 
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